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Does it matter what a hospital is ‘‘high volume’’ for?
Specificity of hospital volume-outcome associations for
surgical procedures: analysis of administrative data*
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Objective: To determine whether the improved outcome of a surgical procedure in high volume hospitals is
specific to the volume of the same procedure.
Design and setting: Analysis of secondary data in Ontario, Canada.
Participants: Patients having an oesophagectomy, colorectal resection for cancer, pancreaticoduode-
nectomy, major lung resection for cancer, or repair of an unruptured abdominal aortic aneurysm between
1994 and 1999.
Main outcome measures: Odds ratio for death within 30 days of surgery in relation to the hospital volume
of the same surgical procedure and the hospital volume of the other four procedures. Estimates were
adjusted for age, sex, and comorbidity and accounted for hospital level clustering.
Results: With the exception of colorectal resection, 30 day mortality seemed to be inversely related not
only to the hospital volume of the same procedure but also to the hospital volume of most of the other
procedures. In some cases the effect of the volume of a different procedure was stronger than the effect of
the volume of the same procedure. For example, the association of mortality from pancreaticoduode-
nectomy with hospital volume of lung resection (odds ratio for death in hospitals with a high volume of lung
resection compared with low volume 0.36, 95% confidence interval 0.23 to 0.57) was much stronger than
the association of mortality from pancreaticoduodenectomy with hospital volume of pancreaticoduode-
nectomy (0.76, 0.44 to 1.32).
Conclusion: The inverse association between high volume of procedure and risk of operative death is not
specific to the volume of the procedure being studied.

E
vidence that the short term outcomes of complex
surgical procedures are better in hospitals that do high
volumes of such procedures has prompted some authors

to suggest that high risk surgery should be regionalised at
high volume hospitals.1–5 Relatively little research has been
done into the underlying mechanisms and the potential role
of selection bias in surgical volume-outcome associations.6–10

Health policy measures advocating volume based regionalisa-
tion are, for the most part, predicated on the overwhelming
empirical evidence of hospital volume-outcome associa-
tions.11 In general, policy initiatives have proposed that
patients needing certain high risk surgical procedures should
have them done in a hospital that performs a large volume of
similar procedures.
The findings of volume-outcome studies are usually

interpreted in the light of the conceptual framework of
quality in health care proposed by Donabedian: structures,
processes, and outcomes.12 High volume hospitals are
assumed to have structural characteristics associated with
better quality of care, and providers in these hospitals are
thought to improve their processes of care through experi-
ence in providing complex care. Central to this framework is
an implied linkage between the volume of a specific surgical
procedure done in a hospital and the outcome of the same
surgical procedure. The finding of improved outcome after
pancreaticoduodenectomy in high volume hospitals has been
uniformly attributed to the high volume of pancreaticoduo-
denectomy,3 13–15 not the volume of a different complex

procedure, the volume of all complex procedures, or other
hospital characteristics. Whether the volume-outcome asso-
ciation is unique to the combination of the volume and the
outcome of the same procedure has never been tested. We
sought to answer the question of whether the improved
outcome observed in high volume hospitals was unique to
the volume of the procedure of which the outcome is being
assessed.

METHODS
Sources of data
We used abstracted electronic records to identify hospital
separations in Ontario, Canada, between 1 April 1994 and 31
March 1999 and linked these records to a database of vital
statistics to ascertain the vital status of the individual
patients by using an anonymous unique identifier. The
reliability of coding surgical procedures in the Ontario health
databases is good, with 88–96% agreement between data-
bases for procedures such as cholecystectomy and hyster-
ectomy.16

Surgical procedures
We examined the outcome of five surgical procedures in
relation to volume: oesophagectomy, excision of a segment of
the colon or rectum for colorectal cancer, pancreaticoduode-
nectomy, major lung resection (lobectomy or pneumonect-
omy) for lung cancer, and repair of an unruptured abdominal
aortic aneurysm (AAA). We specifically chose these proce-
dures because they are complex, are associated with an
appreciable risk of operative death, and have been identified
as potential targets for volume based regionalisation. The
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codes used for identifying these procedures have been
described elsewhere.17

Measurement of hospital volume and outcome
Where the code used to identify a hospital changed during
the study period owing to corporate restructuring or
amalgamation, we identified the hospital by using the
institution code in effect at the end of the study period. We
calculated the average hospital volume of each procedure on
the basis of the number of identical procedures done at the
hospital over the five year study period. We dichotomised
hospitals into two volume categories (high volume hospitals
and low volume hospitals) at the median average annual
hospital volume, such that patients having a surgical
procedure were divided into two equal groups. As the
distribution of average annual hospital volumes for other
procedures usually differed from the distribution of hospital
volumes of the procedure whose outcome was being studied,
cut-off points used to separate high volume and low volume
hospitals varied according to the procedure volume specified
as an exposure variable. The outcome measure for all
analyses was death within 30 days after the surgical
procedure, regardless of place or location.

Statistical analysis
The overall strategy of the analyses was to model the
association of hospital procedure volume with 30 day
mortality, adjusting for the patient level characteristics of
age, sex, and comorbidity. Age was represented as a
continuous variable in the analyses, as was comorbidity
(using a modified Charlson comorbidity score).18 19 For each
surgical procedure (for example, oesophagectomy), we first
assessed the outcome (death within 30 days of surgery) in
relation to whether a patient had surgery at a hospital that
did a high or a low volume of the same procedure (for
example, oesophagectomy). Next, we assessed the outcome
among those patients having a procedure (for example,
oesophagectomy) according to whether they had surgery at a
hospital that did a high or a low volume of each of the other
four procedures (for example, colorectal resection, pancrea-
ticoduodenectomy, lung resection, and AAA repair). In total,
we created five separate cohorts of patients (one for each
surgical procedure) and did five volume-outcome analyses for
each of the five procedure based cohorts (one analysis for
each method of determining categories of hospital procedure
volume). Analyses specifying volume as a continuous
variable or as quarters yielded similar results and are not
reported here.
We used generalised linear models for binary outcomes to

estimate associations between hospital volume and 30 day

mortality. To account for the effects of clustering at the
hospital level, we estimated the model parameters and
standard errors by using generalised estimating equa-
tions,20 21 with the hospital identifier specified as the cluster
level variable in the adjusted analyses, which also controlled
for age, sex, and comorbidity. To assess whether hospital
procedure volumes were correlated, we estimated Spearman
rank correlation coefficients for hospital procedure volume
according to quarters of volume. We used SAS version 8.2
software for UNIX for all analyses.

RESULTS
Patients and hospitals
During the five year study period, 31 632 patients had one of
the five surgical procedures of interest (table 1). Patients
undergoing oesophagectomy seemed to have the highest
burden of comorbid illness (median Charlson score 4),
whereas those having colorectal cancer resection or repair
of an unruptured AAA had fewer comorbid conditions
(median Charlson score 0). The largest preponderance of
male patients was among those having an oesophagectomy
(73.4%) or repair of unruptured AAA (82.3%). Mortality
within 30 days of surgery ranged from 3.8% (excision of
colon or rectum for cancer) to 13.4% (oesophagectomy).

Volume-outcome associations
Table 2 shows associations between volume and outcome for
the five surgical procedures. In this table, the rows indicate
the procedure of which the outcome is being assessed, and the
columns indicate the procedure that was used to define
hospital volume. For example, the first column of data in the
first row represents the outcome of oesophagectomy accord-
ing to the hospital volume of oesophagectomy. The second
column of data in the first row represents the outcome of
oesophagectomy according to the hospital volume of color-
ectal resection. Comparisons of operative mortality by
hospital volume for the same procedure are indicated in bold
along the diagonal.

Association of outcome of procedure with volume of
same procedure
Hospital volume and 30 day mortality were significantly
associated for lung resection (adjusted odds ratio for death at
high volume hospitals compared with low volume hospitals
0.64, 95% confidence interval 0.44 to 0.94) and AAA repair
(0.62, 0.46 to 0.83). Although the point estimates of the
association of volume and outcome for oesophagectomy
(0.60, 0.30 to 1.20) and pancreaticoduodenectomy (0.76, 0.44
to 1.32) were consistent with an inverse relation between
volume and outcome, the number of patients who had these

Table 1 Characteristics of patients and hospitals for people who had one of five major surgical procedures in Ontario,
Canada, between 1994 and 1999

Variable Oesophaectomy Colorectal resection
Pancreaticoduo-
denectomy Lung resection

Repair of aortic
aneurysm

No of patients 613 18 898 686 5156 6279
No of hospitals 47 134 49 54 57
Average annual hospital volume:
Median* (interquartile range) 8.8 (2.8–16.6) 52.8 (33.6–87.4) 5.4 (2.8–11.4) 45.0 (18.2–86.0) 42.0 (21.8–92.8)
Range 0.2–19.0 0.2–149.8 0.2–24.8 0.2–129.4 0.2–130.0
Mean (SD) age in years 64.2 (10.7) 68.8 (11.6) 62.7 (11.7) 65.1 (9.6) 70.7 (7.4)
Median (interquartile range)
Charlson score�

4 (2–6) 0 (0–6) 1 (0–6) 1 (0–6) 0 (0–1)

No (%) male 450 (73.4) 10 197 (54.0) 386 (56.3) 3023 (58.6) 5168 (82.3)
30 day mortality (No (%)) 82 (13.4) 713 (3.8) 66 (9.6) 215 (4.2) 265 (4.2)

*Used as a cut-off point to divide patients among high volume hospitals and low volume hospitals for analyses of the outcome of the same procedure. As the
distribution of hospital volumes for other procedures usually differed from the distribution of hospital volumes of the procedure whose outcome was being studied,
cut-off points used to separate high volume and low volume hospitals varied according to the procedure volume specified as the exposure variable.
�Weighted measure of the number of comorbid medical conditions, calculated by using secondary diagnosis codes for hospital admissions for surgical procedure.
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procedures was relatively small and the confidence intervals
included values consistent with no association. We found
little evidence of an association between volume and
outcome for colorectal resection (0.98, 0.83 to 1.16).

Association of outcome of procedure with volume of
different procedure
We also examined the effect on operative mortality of the
hospital volume of procedures other than the one for which
the outcome was being measured. These comparisons are
indicated by the non-bold data off the diagonal in table 2. In
many instances, 30 day mortality was associated with the
hospital volume of different procedures. This is illustrated by
the fact that many of the off-diagonal odds ratio estimates
are less than 1.0, indicating improved outcome in high
volume hospitals regardless of the procedure for which a
hospital was ‘‘high volume.’’ For example, the reduction in 30
day mortality after pancreaticoduodenectomy in hospitals
that were high volume hospitals for AAA repair (odds ratio
0.75, 0.45 to 1.27) was similar to the reduction in 30 day
mortality after pancreaticoduodenectomy in hospitals that
were high volume hospitals for pancreaticoduodenectomy
(0.76, 0.44 to 1.32).
The association with the volume of a different procedure

was occasionally stronger than with that of the same
procedure. For example, the reduction in 30 day mortality
after pancreaticoduodenectomy in hospitals that were high
volume hospitals for lung resection (0.36, 0.23 to 0.57) was
much stronger than the reduction in 30 day mortality after
pancreaticoduodenectomy in hospitals that were high volume
hospitals for pancreaticoduodenectomy (0.76, 0.44 to 1.32;
table 2).

Correlation of hospital procedure volumes
The correlation coefficients for hospital volume for the five
procedures we studied ranged from 0.17 (oesophagectomy
and colorectal resection) to 0.73 (oesophagectomy and lung
resection).

DISCUSSION
Because volume-outcome studies assess the outcome of a
surgical procedure in relation to the volume of the same
surgical procedure, they imply a measure of specificity of
volume-outcome associations. The consistent finding of
associations between the volume of a procedure and surgical
outcome has been interpreted as empirical evidence that the
outcomes of surgical procedures are better in hospitals with
higher volumes of similar procedures. Under this interpreta-
tion, regionalisation of patients needing complex surgical
procedures to hospitals that do a high volume of those
procedures would be expected to improve patient outcomes
regardless of the underlying causal mechanism of the
volume-outcome association.
We found that the short term outcomes of some complex

surgical procedures were better in hospitals with a higher
volume of the same procedure. However, we found that in
many cases outcomes were also better in hospitals with high
volumes of different procedures. Several possible explana-
tions for this finding exist. The volumes of some surgical
procedures done within a hospital are correlated. For
example, it is not surprising that the outcomes of oesopha-
gectomies and pulmonary resections are correlated with the
hospital volume of the other procedure, as the hospital
volume of oesophagectomy was highly correlated with the
volume of pulmonary resection. General thoracic surgeons do

Table 2 30 day mortality after each of five major surgical procedures according to hospital volume, by volume of same
procedure and volume of other procedures

Procedure and outcome

Procedure used to categorise hospital volume

Oesophagectomy Colorectal resection Pancreaticoduodenectomy Lung resection
Repair of aortic
aneurysm

Oesophagectomy
Mortality at LVH (%) 51/328 (15.55) 52/329 (15.81) 54/328 (16.46) 51/328 (15.55) 56/344 (16.28)
Mortality at HVH (%) 31/285 (10.88) 30/284 (10.56) 28/285 (9.82) 31/285 (10.88) 26/269 (9.67)
Crude odds ratio (95% CI) 0.66 (0.41 to 1.07) 0.63 (0.39 to 1.02) 0.55 (0.34 to 0.90)* 0.66 (0.41 to 1.07) 0.55 (0.34 to 0.90)
Adjusted odds ratio� (95% CI) 0.60 (0.30 to 1.20) 0.64 (0.33 to 1.23) 0.59 (0.32 to 1.11) 0.60 (0.30 to 1.20) 0.54 (0.29 to 1.02)
Colorectal resection
Mortality at LVH (%) 359/9581 (3.75) 362/9690 (3.74) 349/9536 (3.66) 351/9502 (3.69) 343/9684 (3.54)
Mortality at HVH (%) 354/9317 (3.80) 351/9208 (3.81) 364/9362 (3.89) 362/9396 (3.85) 370/9214 (4.02)
Crude odds ratio (95% CI) 1.02 (0.87 to 1.18) 1.02 (0.88 to 1.89) 1.07 (0.92 to 1.24) 1.05 (0.90 to 1.21) 1.14 (0.98 to 1.32)
Adjusted odds ratio� (95% CI) 0.97 (0.82 to 1.14) 0.98 (0.83 to 1.16) 1.06 (0.90 to 1.25) 1.00 (0.84 to 1.17) 1.10 (0.94 to 1.30)
Pancreaticoduodenectomy
Mortality at LVH (%) 43/344 (12.50) 38/350 (10.86) 38/348 (10.92) 47/354 (13.28) 40/360 (11.11)
Mortality at HVH (%) 23/342 (6.73) 28/336 (8.33) 28/338 (8.28) 19/332 (5.72) 26/326 (7.98)
Crude odds ratio (95% CI) 0.51 (0.30 to 0.86)* 0.75 (0.45 to 1.25) 0.74 (0.44 to 1.23) 0.40 (0.23 to 0.69)** 0.69 (0.41 to 1.16)
Adjusted odds ratio� (95% CI) 0.48 (0.30 to 0.79)** 0.86 (0.49 to 1.50) 0.76 (0.44 to 1.32) 0.36 (0.23 to 0.57)*** 0.75 (0.45 to 1.27)
Lung resection
Mortality at LVH (%) 126/2597 (4.85) 122/2610 (4.67) 110/2628 (4.19) 126/2597 (4.85) 108/2592 (4.17)
Mortality at HVH (%) 89/2559 (3.48) 93/2546 (3.65) 105/2528 (4.15) 89/2559 (3.48) 107/2564 (4.17)
Crude odds ratio (95% CI) 0.71 (0.54 to 0.93)* 0.77 (0.59 to 1.02) 0.99 (0.76 to 1.30) 0.71 (0.54 to 0.93)* 1.00 (0.76 to 1.32)
Adjusted odds ratio� (95% CI) 0.64 (0.44 to 0.94)* 0.62 (0.42 to 0.93)* 0.88 (0.58 to 1.35) 0.64 (0.44 to 0.94)* 0.90 (0.60 to 1.37)
Repair of aortic aneurysm
Mortality at LVH (%) 149/3249 (4.59) 147/3185 (4.62) 153/3263 (4.69) 170/3358 (5.06) 166/3259 (5.09)
Mortality at HVH (%) 116/3030 (3.83) 118/3094 (3.81) 112/3016 (3.71) 95/2921

(3.25)
99/3020 (3.28)

Crude odds ratio (95% CI) 0.83 (0.65 to 1.06) 0.82 (0.64 to 1.05) 0.78 (0.61 to 1.01) 0.63 (0.49 to 0.81)*** 0.63 (0.49 to 0.81)***
Adjusted odds ratio� (95% CI) 0.89 (0.64 to 1.25) 0.92 (0.65 to 1.29) 0.82 (0.60 to 1.12) 0.64 (0.48 to 0.85)** 0.62 (0.46 to 0.83)**

LVH, low volume hospital; HVH, high volume hospital. Odds ratios are for death in HVH compared with LVH. Values in bold along the diagonal indicate
comparisons where the outcome and exposure (hospital volume) were for the same surgical procedure.
*P,0.05. **P,0.01. ***P,0.001.
�Adjustedodds ratios estimated by binary regression models, with adjustment for age, sex, and Charlson score and accounted for the effect of hospital level
clustering.
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both of these procedures and may be clustered in specific
hospitals. Alternatively, the lack of specificity of volume-
outcome associations may indicate a more general relation
between the overall volume of complex surgery done in a
hospital and outcomes. A hospital that does a high volume of
any complex procedure is likely to have certain character-
istics, such as location in a metropolitan area, status as a
teaching hospital, and availability of specialised resources
such as intensive care units staffed by full time specialists in
intensive care, on-site coronary revascularisation facilities,
and interventional radiology.

Limitations of the study
Our finding that volume-outcome associations for hospital
procedures are not specific to unique combinations of
the volume and outcome of the same procedure cannot
plausibly be explained by problems with data quality,
unmeasured severity of illness, or other well described
limitations of secondary data analysis.22 23 Can our results
be explained by confounding, in that if a hospital is high
volume for one procedure it is likely to be high volume for
another? Although we observed modest correlations between
procedure volumes within hospitals, we do not believe that
our results can be explained entirely by confounding. For
example, although the hospital procedure volumes of
oesophagectomy and colorectal resection were only weakly
correlated, the volume-outcome associations for oesopha-
gectomy were virtually identical regardless of whether we
used oesophagectomy or colorectal resection to define
hospital volume.
Our methods were similar to those of most volume-

outcome studies. Our use of 30 day mortality as an outcome
measure is consistent with a large body of volume-outcome
literature that focuses on short term outcome, rather than
other outcomes such as cure of cancer, which may be
more sensitive measures of the quality of care. Although
limitations such as incomplete data on comorbid conditions
or misclassification of hospital volume may have affected
the validity of our estimates of volume-outcome associa-
tions, we have no reason to suspect that they would cause
spurious associations between the volume of one procedure
and the outcome of another. Most sources of error are
non-differential with respect to exposure and outcome
and for a binary outcome would be expected to bias esti-
mates of association towards the null hypothesis of no
association.24

Implications for health policy
If the improved outcome in high volume hospitals is not
specifically related to the volume of the same procedure, but
is related to the shared structure and process characteristics
of the large hospitals that typically do a high volume of
complex surgical procedures, what do our findings say about
volume based regionalisation policies? Two possible
approaches exist. One is to accept the lack of specificity or
understanding of the mechanisms and continue to pursue
volume based regionalisation in the light of the strong
empirical evidence of volume-outcome associations for many
complex procedures.
Another approach is to revisit the conceptual framework

underlying volume based regionalisation. Volume-outcome
associations for complex surgical procedures may be less a
reflection of extraordinarily good care in high volume
hospitals than an indication of deficient care in poorly
supported small and rural hospitals. If so, regionalisation at
large hospitals may benefit the relatively small segment of
the population needing complex elective surgery but would
accomplish little for the many patients admitted to small
and rural hospitals for emergency conditions or medical

diagnoses, especially if regionalisation leads to further
erosion of resources for managing complex medical problems
at smaller hospitals.

CONCLUSION
Volume-outcome associations for hospital procedures are not
specific to the volume and the outcome of the same
procedure. Our data do not support health policy measures
predicated on referring patients having a certain surgical
procedure to hospitals that do a high volume of the same
procedure. A more rational strategy might be simply to
regionalise all complex operations at large hospitals.
Alternatively, increased allocation of resources to smaller
hospitals and targeted quality improvement programmes
might reduce some of the variation in short term surgical
outcomes across hospitals.
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